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The overall goal of research - development of the basic principles of
thermal processing of concrete products using air heated in the collector solar
energy [1]. Research the features two varieties of this technology.

The first kind of technology - thermal treatment of concrete products is
carried out using air heated in the collector of solar energy, and if necessary,
use air-heater (electroheater). In the absence of incoming solar energy
collector to the air-heater is the main source of heat. For methods
accelerating the solidification of concrete products are necessary to determine
modes their thermal processing that enable the shortest time to recruit
concrete selling compressive strength. In the studies must take into account
the presence of heat emission by hydration cement.

The second kind of technology - thermal treatment of concrete products is
carried out using air heated in the collector solar energy and heat released
during cement hydration. In the absence of incoming solar energy collector to
heat treatment of concrete products takes place only using the heat released
during cement hydration. For this method, accelerating the solidification of
concrete products must:

- To determine the minimum and maximum possible date set concrete
stripping and handling compressive strength;

- The conditions under which it is advisable to use this method.

Construction of equipment for heat treatment of concrete products using
air heated in the collector solar energy should be based on the analysis of heat
exchange processes that occur in them.

The use of solar energy for accelerating solidification of concrete
products allows saving money in the process.
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PECULIARITIES HEAT EXCHANGE IN SOLAR COLLECTOR AND
IN CHAMBERS FOR HEAT TREATMENT CONCRETE PRODUCTS
HEATED AIR

Chapter 1. Literature review

One way to use solar energy in the production of concrete and concrete
products in tropical areas is the heating of these products in light-transparent
insulating coating ([2] - [6], etc.). Light-transparent coating can be made of
silica glass, polymer films, fiberglass, plexiglass.

To accelerate the solidification concrete and concrete products used as
combined helio-thermal treatment of the products with the use of an
intermediate carrier ([2], [3], [7] - [9], etc.).

In the patent [10] proposed to make heat treatment hydro-insulated
concrete and concrete products using water heated in the collector solar
energy. If necessary, apply an additional source of heat - water heater. In the
patent [1] proposed to make heat treatment hydro-insulated concrete and
concrete products using air heated in the collector solar energy. If necessary,
is applied an additional source of heat - air-heater. Results of laboratory
studies in this direction are given particular in the sources [11] - [13].

In the book [14] analyzed in detail the processes of heat transfer in a
plane solar energy collector type "letter - pipe" and are given heat balances
for other collectors. This balance - heat balance flat solar energy collector,
which heats the air. The specified thermal balance is made under the
condition the regime of collectors - stationary. However, the temperature
regime of flat solar energy collector, which heats air to heat treatment of
concrete products - transient that must be considered.

In the analysis of heat transfer processes in the chamber for
accelerating solidification of concrete products should be considered at the
selection of heat during hydration of cement ([15] - [26], etc.).

Chapter 2. Definitions intensity heating the air in a plane
solar energy collector

Determination intensity heating the air in a plane solar energy collector

with the following heat balance: light-transparent cover; heat-accepting metal
plate and the insulation layer; overall heat balance of solar energy collector.
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2.1. Scheme of collector solar energy

Consider a plane collector solar energy, which heats air for further use in
thermal treatment of concrete products (Fig. 2.1). The air moves in space
between a single layer of light-transparent coating and heat-accepting layer -
metal plate. When a metal plate is a layer of insulation.
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Fig. 2.1. Scheme of collector solar energy

Heated in the collector of solar energy air through the fan is directed to
the camera, which is designed for accelerating solidification concrete
products. In the chamber air gives a certain amount of heat products and
returned to the collector of solar energy. Products are in a closed form. An
additional source of heat in the chamber is exothermic reaction of hydration
of cement.

2.2. Heat balances light-transparent cover of collector solar energy

The temperature field in the collector of solar energy during the heating
air - nonstationary. The total period during which the heating air is divided
into intervals duration At. Determination of the maximum period of time
Atmax in accordance with the recommendations given in Chapter 5.

Solar energy supplied to the light-transparent cover of the collector (Fig.
2.2, Fig. 2.3).

Part of solar energy that supplied to the light-transparent cover of the
collector for the i-th time interval absorbed light transparent covering part - is
reflected, and part passes through the cover:

QL =Qa +Qr + Qp. (2.1)
where Qp — the amount of solar energy that supplied to the light-
transparent cover of the collector for the i-th time interval, J;

Qa — the amount of solar energy absorbed by the light-transparent cover

of the collector for the i-th time interval, J;
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Qa=AQL, (2.2)

A — absorptivity light transparent cover;

Qr — the amount of solar energy reflected light transparent cover of the
collector for the i-th time interval, J;

Qr =RQL, (2.3)

R — the reflectance of light-transparent cover;

Qp — amount of solar energy that passes through the light-transparent
cover collector for the i-th time interval, J;

Qp =DQy, (2.4)

D — the bandwidth light-transparent cover.

Heated light-transparent covering lost certain amount of heat to the
environment due to convection. In addition, between light-transparent coating
and surfaces arranged around collector solar energy is radiant heat transfer.
For quantitative evaluation of said radiation heat transfer is necessary to
know the temperature of the heat transfer surfaces (which due to incoming
solar energy is constantly changing) their area and location in space. In a real
situation quantitatively calculate a radiant heat exchange not possible
therefore accepted that the flow resulting radiation between these surfaces is
zero (Qges = 0).

The consequence of radiation heat transfer between the light-transparent
cover and metal plate is flow resulting radiation.

Heated air moving in collector of solar energy, transfers share heat light
transparent covering.

Thermal balance light-transparent coating collector of solar energy for the
i-th time interval has the form

Qa +Qar + Qur £ Qres = Qre + Quu + Quv; (2.5)
given the fact that Qgrgs = O (the explanation given above):
Qa+ QaL + Qmr = Qrc + Quu + Quv; (2.0)

where Q4 — the same value as in equation (2.1), (2.2);

QarL — the amount of heat transmitted by the i-th time interval from the
air, which moves in the collector solar energy to light transparent cover, J;

Qmr — the amount of heat supplied by the i-th time interval to light
transparent cover due to radiation heat transfer between the metal plate and
the coating, J;

QLc — the amount of heat consumed by the i-th time interval for heating
the light-transparent cover, J;

Quu, Qv — the amount of heat lost by the i-th time interval to the
environment through horizontal and vertical structures are light-transparent
cover, J.

Schematic reflection of thermal balance (2.6) light-transparent cover
collector by the i-th time interval shown in Fig. 2.2.
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Fig. 2.2. Schematic reflection of thermal balance (2.6)
light-transparent cover the collector for the i-th time interval
If in the certain period of time the temperature of the inner surface of the
light-transparent cover higher than the temperature of the air moving in a
collector of solar energy, the heat balance of the light-transparent cover has
the form
Qa +Qmr =Qra + Qe+ Qra + Quv, (2.7)
where Qpa — the amount of heat that is transmitted over the selected time
interval of light-transparent cover to the air moving in a collector of solar
energy, J
Schematic reflection of thermal balance (2.7) shown in Fig. 2.3.
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Fig. 2.3. Schematic reflection of thermal balance (2.7)
light-transparent cover of the collector
The amount of heat transmitted by the i-th time interval from the air,
which moves in the collector of solar energy to the inner surface of the light-
transparent cover, J, calculated by the formula

QaL = oc “(tar — tu) FLi-At, (2.8)
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accepted simplification: light transparent covering warm up evenly, ie ty;
= tavE, then
QaL = ac “(tar — tave) FirAr, (2.9)
where oc — heat transfer coefficient of air that moves in the collector of
solar energy to the inner surfaces of the light-transparent cover, W/(m?-°C);
tar — average for the i-th period of time-and temperature in the collector,
OC;

t; — average for the i-th period of time the temperature inner surfaces of
the light-transparent cover, °C;

tave — the average for the i-th period of time temperature light transparent
cover, °C;

Fr;1— area of internal surfaces of the light-transparent cover, mz;

At — period of time, s.

Average for the i-th period of time the temperature air in collector of solar
energy, °C, calculated by the equation

Tar =0,5 -(tar + tao), (2.10)
where ta, tao — the average for the i-th period of time, the air
temperature at the inlet to the collector and outlet from it, °C.

The average for the i-th period of time temperature light transparent
covering the collector of solar energy ta, °C, is equal to

ta=0,5 '(tLB + tLg), (21 1)
where t g, tig — temperature light-transparent cover at the beginning and
end of the i-th period of time, °C.

The amount of heat expended on the heating the light-transparent cover
the collector for the i-th period of time J, equals

Qrc = cL'my *(tLg — tLB), (2.12)
where cp. — specific mass heat capacity material light-transparent cover,
J/(kg-°C); my — mass light-transparent cover, kg.

The amount of heat that is lost by the i-th period of time to the
environment through the design of light-transparent cover the collector in the
absence of wind, J, calculated by the formulas:

- for the horizontally located constructions light-transparent cover:

Qua = orn(teon — tams) FronAt; (2.13)
considering accepted before simplification (light-transparent cover the
collector to warm up evenly)

Quu = oy "(ta — tam) Fron At; (2.14)
- for vertically located constructions light-transparent cover:
Quv = oLv “(tLov — tams) FLov"At, (2.15)

considering accepted before simplification (light-transparent coating
evenly-heated)
QLv = oLy “(ta — tams) FLov'At, (2.16)
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where apy — heat transfer coefficient from the outer surface of the
horizontal constructions light-transparent cover the collector to the
environment, W/ (m2 °C);

orv — heat transfer coefficient of the external surfaces of the vertical
constructions of light-transparent cover the collector of solar energy to the
environment, W/(m2-°C);

toy — the average for the i-th period of time temperature of the outer
surface of the horizontally located constructions light-transparent cover the
collector of solar energy, °C;

tLov — the average for the i-th period of time temperature of the outer
surface vertically located constructions of light-transparent cover the
collector, °C;

ta — the average for the i-th period of time temperature light transparent
cover the collector, °C;

tamp — ambient temperature, °C;

FrLon, FLov — area horizontally and vertically located external surfaces of
the light-transparent cover the collector, mz;

At — period of time, s.

Subject to availability of wind acp = acr = acs, then

Qcr + Qcs = acs (tc — tuc) (Fesr + Fesp) -At. (2.17)

2.3. Heat balance heat-accepting metal plate and layer of thermal
insulation collector of solar power for i-th period of time

Thermal balance metal plate and layer of thermal insulation collector of

solar energy for i-th period of time has the form
Qb =Qum + Qma + Qwmrc + Q1 + Qrm, (2.18)

where Qp — the same value as in equation (2.1), (2.4);

Qwm — the amount of heat it takes to heat a metal plate for i-th period of
time J;

Qma — the amount of heat transmitted for i-th period of time from the
metal plate to the air, which moves in the collector, J;

Qmrc — the amount of heat transferred from the surface of the metal plate
to the inner surface of the light-transparent cover for i-th period of time
because of radiant heat transfer between them, J;

Qi — the amount of heat expended on heat of thermal insulation layer for
i-th period of time J;

Qrm — the amount of heat lost for i-th period of time to the environment
through a horizontal surface layer thermal insulation, J (subject to the
availability of heat losses in the i-th period of time).

Schematic reflection of thermal balance (2.18) is shown in Fig. 2.4.
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Fig. 2.4. Schematic reflection of thermal balance (2.18) heat-accepting metal
coating and of thermal insulation layer solar energy collector

If the use of solar energy collector is during the spring period, it is
advisable to consider: the heat loss to the environment through the vertical
surface layer of thermal insulation; the cost of heat for heating bearing
support; heat loss to the environment bearing support.

For spring and autumn the heat balance of the metal plate and layer of
thermal insulation collector of solar energy for i-th period of time has the
form

Qp =Qm + Qua + Qmrc + Qrr + Qrm + Qv+ Qs + Qsk, (2.19)
where Qrry — the amount of heat lost for i-th period of time to the
environment through the vertical surface layer of thermal insulation, J;

Qs — the amount of heat consumed for the i-th period of time for heating
the supports, J (subject to the availability of heat losses in the i-th period of
time);

Qsg — the amount of heat lost for the i-th period of time to the
environment from the supports, J. (subject to the availability of heat losses in
the i-th period of time).

Schematic reflection of thermal balance (2.19) is shown in Fig. 2.5.
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Fig. 2.5. Schematic reflection of thermal balance (2.19) heat-accepting metal
coating and of thermal insulation layer solar energy collector
The amount of heat expended on heating a metal plate on the i-th period
of time J; calculated by dependence
Qm =cm my * (tve — tvp), (2.20)
where cy; — specific heat capacity mass metal plate, J/(kg-°C);
my — weight metal plate kg, which is calculated by the equation
my = pm -V, (2.21)
pm — density of metal, kg/m3; VM — volume of metal plate, m3;
tms, tme — the temperature of the metal plate at the beginning and end of
the i-th period of time, °C.
The amount of heat transmitted by the i-th period of time from the metal
plate to the air, which moves in the collector, J, calculated by the formula
Qums = ac*(tmo — tar)" Fm At (2.22)
accepted that the metal plate has a relatively small thickness, and
therefore warmed uniformly, ie,, tmo = tv, then
QMB = (lc‘(tM — tAIR)' FM ‘AT, (223)
where o¢ — coefficient of heat transfer from the metal plate to the air,
W/(m*-°C);
tmo — and the average for the i-th period of time temperature of the outer
surface of the metal plate, °C;
tm — and the average for the i-th period of time temperature metal plate,
oC;
tar — and the average for the i-th period of time temperature in the
collector, °C;
Fu — area of metal plate, m*; At — period of time, s.
Average for the i-th period of time temperature metal plate ty is equal to
tm =0,5 '(tMB + tME)' (224—)
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The amount of heat Qyc, transmitted by the i-th period of time from the
metal plate to the light-transparent cover due to the presence of radiation heat
transfer between them, J, is calculated by the formula given in sources [27],
[28],

T T

Q=[G (G | meas. 225
taking into account previously adopted simplifications (T = Ty, Tmo =

TM)I

QuiLe = & o “ 100 ] [ 100 ] l Pt (2.26)

where Tymo — the average for the i-th period of time the absolute
temperature of the outer surface of the metal plate, K;

Ty — average for the i-th period, and the absolute temperature of the
metal plate, K;

Ty1 — the average for the i-th period of time absolute temperature of the
inner surfaces of the light-transparent cover, K;

Tp — the average for the i-th period of time absolute temperature light-
transparent cover, K;

co — radiation coefficient absolute black body, W/(m2 ~K4);

At — period of time, s;

€ — shows the degree of blackness, which is calculated by the formula

1
1 +FM,(L_1) , (2.27)
Fui \eL

where €y — degree of blackness metal plate;

g1, — degree of blackness light-transparent cover;

Fyv — area of metal plate, m?;

F11— area of of internal surfaces of the light-transparent cover, mz;.

Methods for calculating the amount of heat Qg, expended on heating of
thermal insulation layer on the i-th period of time, see in chapter 5.

The amount of heat that is lost by the i-th period of time to the
environment through a layer of of thermal insulation in the absence of wind,
J, is calculated by the formula:

- for horizontally located surface:

& =

Qrm = oTm '(tTIH - tAMB)'FTIH'AT 5 (2-28)
- for vertically located surfaces:
Qv = orrv '(tTlv - tAMB)'FTIV ‘A, (2-29)

where orm, orrv — heat transfer coefficient from horizontal and vertical
located outside surfaces layer of thermal insulation to the environment,
W/(m2-°C); the resulting emission flow between these surfaces and surfaces
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that surround the solar energy collector, made to be zero, then the coefficients
oy, oy reflecting the intensity of convective heat transfer;

trm, trrv — average of the i-th period of time temperature external surfaces
horizontally and vertically located surface layer of thermal insulation, °C;

tamp — ambient temperature, °C;

Fri, Friv — area of horizontally and vertically located surface layer of
thermal insulation, mz; At — period of time, s.

Subject to availability of wind oty = oy = 0.

2.4. Thermal balance collector of solar energy for the i-th period of
time

2.4. Thermal balance collector of solar energy for the i-th period of time

has the form
Qa+Qp +Qg =Qm+Qr +Qic +Quu+ Qv + Qu + Qrm, (2.30)

where Qg — the amount of heat that enters the solar energy collector with
air for the i-th period of time, J;

Qg — the amount of heat removed from the solar energy collector with air
for the i-th period of time, J;

Explanation of other components of this thermal balance above.

Schematic reflection components of thermal balance (2.30) are shown in

Fig. 2.6.
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Fig. 2.6. Schematic reflection thermal balance collectors of solar energy
(2.30)
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For spring and autumn period thermal balance collector of solar energy
for the i-th period of time has the form

Qa+Qp+Qr =Qu+Qr +Qrc +Quu+ Qv+ Qu+

+Qrm+ Qrvt Qs+ Qsg,  (2.31)
Schematic reflection components of thermal balance (2.31) are shown in

Fig. 2.7.
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Fig. 2.7. Schematic reflection thermal balance collector of solar energy (2.31)
The amount of heat, J, entering to the collector of solar energy with air
for the i-th period of time is calculated by dependence
Q1 = car-par-L-tar Ar, (2.32)
where ty; — the average for the i-th period of time, the air temperature at
the inlet to the collector, °C;
car — specific mass heat capacity of air at temperature try, J/(kg-°C);
par — air density at the temperature tayr, kg/m3;
L — air consumption, m3/s; At — period of time, s.
The amount of heat, J, remove from the solar energy collector with air at
the i-th period of time determined by the dependence
Qo = CAO ‘PAO ‘L‘tAo 'A’E, (233)
where tyo — average for the i-th period of time, the air temperature at the
outlet of the collector, °C;
cao — specific mass heat capacity of air at the temperature tao, J/(kg-°C);
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pao — air density at the temperature tao, kg/m3.

Chapter 3. Definition of temperature change of concrete products and
changes in air temperature in the thermal chamber

We consider the heat exchange in the chamber intended for thermal
treatment hot air of concrete paving slabs. The tiles are placed on the shelves.

Products heating due to intake in equipment heated in collector of solar
energy air and due to the presence of air and heat isolation hydration of
cement.

Heated air moving in the chamber should not face the open surface of
the product that there is no evaporation of moisture required for hydration of
cement. We consider three variants waterproofing products.

It is assumed that in an hydro-isolated system thickness of air layer is
minimal, so you can ignore the presence of: mass exchange processes
between the exposed surface of products and air layers; the influence of the
air layer on the processes of heat transfer in hydro-isolated system.

The total period for which the product is heated, divided into periods of
time duration At. Determination of the maximum period of time Aty,x in
accordance with the recommendations given in chapter 5.

3.1. Determination of the temperature change of concrete products and
changes in air temperature in heating chamber (variant 1)

The scheme first version waterproofing of concrete products (paving
slabs) is shown in Fig. 3.1.
structures that enclosing the chamber

input e — i, T

heated air R

removal
—s — ﬂ—-[ of air

Fig. 3.1. The scheme first version waterproofing of concrete products
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Thermal balance of the chamber for thermal treatment of concrete
products hot air for the i-th period of time has the form
Qce + Qexo = Qcr + Qui + Qcw + Qco + Qe+ Qwa + Qoa + Qs + QE,
(3.1)
where Qcg — the amount of heat that enters the chamber and during the i-
th period of time with the heated air, J;
QEexo — heat-revenues during the i-th period of time due to the presence of
exothermic reaction of hydration of cement, J;
Qcr — heat loss during the i-th period of time with the air removed from
the chamber, J;
Qur — the loss of heat for heating components of hydro-isolated system
for the i-th period of time J;
Qcw — the loss of heat for heating the walls of chamber for the i-th period
of time J;
Qco — the loss of heat for heating overlapping camera for the i-th period
of time J;
QrL— the loss of heat for heating floors camera for the i-th period of time
J;
Qwa — heat loss to the environment through walls camera for i-th period
of time J, (subject to the availability of these losses in the i-th period of time);
Qoa — heat loss to the environment through the overlapping camera for
the i-th period of time J. (subject to the availability of these losses in the i-th
period of time);
Qs — the loss of heat for the i-th period of time for heating the soil, J. (3a
subject to the availability of these losses in the i-th period of time);
Qg — the loss of heat for the i-th period of time for heating equipment
chamber (supports hydro-isolated systems, air pipes), J.
Fig. 3.2 schematically shows the components of the thermal balance of
the camera (variant 1).
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Fig. 3.2. Schematic reflection components heat balances camera (variant 1)

The amount of heat Qcg, entering the chamber during the i-th period of
time with heated air, J, calculated by dependence

Qce = car® par-L: tar-At, (3.2)

where car — specific mass heat capacity of air entering into the chamber,

J/(kg-°C); tar — average for the i-th period of time temperature of air entering
into the chamber, °C; L — air consumption, m3/c; At — period of time, c.

The amount of heat Qg, and released during the i-th period of time due to
hydration of cement is determined by the experimental data and other things
being equal depends on the temperature of the concrete.

The heat loss Qcr during the i-th period of time with the air is removed
from the camera, J, is calculated for dependence

Qcr = cag® pae'L: tag-Art, (3.3)
where cag — specific mass heat capacity air removed from the camera,
J/(kg-°C);
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tag — cepenus for the i-th period of time temperature of air is removed
from the camera, °C;

paE — air density at the temperature tag, kg/m3 .

The heat loss Qy; for heating the component hydro-isolated system for the
the i-th period of time equal

Qur = Qc + Qr+ Quie + Qumv , (3.4)

where Qc, Qr, Qur, Qumv — the loss of heat for heating concrete products,

molds, equipment hydro-isolated systems, waterproofing material for the i-th

period of time J, if the equipment hydro-isolated system made of various
materials, this factor is taken into account in the calculations.

The heat loss Qy for heating the component hydro-isolated system for the
i-th period of time, can be determined by dependence

Qur = curmur (taie — this), (3.5)
where cyy — average specific mass heat capacity materials hydro-isolated
system, J/(kg-°C);

my — weight components of hydro-isolated system, kg;

tyis — the average temperature of the components of hydro-isolated
system at the start the i-th period of time, °C;

tyie — the average temperature of the components of hydro-isolated
system the end of the i-th period of time, °C.

Changing the temperature of components of hydro-isolated system is due
to the presence of:

- heat flow directed from air to surface hydro-isolated system;

- exothermic reaction of hydration of cement;

- flow of the resulting radiation between the surface hydro-isolated
system and the internal surfaces of chamber; flow direction resulting
radiation depends on the ratio between the surface temperature hydro-isolated
system and temperature internal surfaces of structures enclosing chamber.

That is, the loss of heat Qg for heating the component hydro-isolated
system for the i-th period of time equal

Qu = curmur(tae — tas) =Qanr + Qexo £ Qrw £ Qro + Qrr,
(3.6)

where Qanr — the amount of heat which perceives hydro-isolated system
of heated air for the i-th period of time J;

QEexo — heat-revenues during the i-th period of time due to the presence of
exothermic reaction of cement hydration, J;

Qrw— the amount of heat J, transmitted for i-th period of time due to the
presence of resulting radiation from vertical surfaces hydro-isolated system
to the internal wall surfaces camera (or in the reverse direction); flow
direction resulting radiation depends on the ratio between the temperatures of
these surfaces;
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Qro— amount of heat, J, transmitted by the i-th period of time due to the
presence of resulting radiation from the inverse up horizontal surface hydro-
isolated system to the inner surface of overlapping cameras (or in the reverse
direction); flow direction resulting radiation depends on the ratio between the
temperatures of these surfaces;

Qrr— amount of heat, J, transmitted by the i-th period of time due to the
presence of resultingradiation from the inverse down horizontal surface
hydro-isolated system to the floor camera (or in the reverse direction); flow
direction resulting radiation depends on the ratio between the temperatures of
these surfaces.

The components of (3.6) are interrelated, so identifying with this thermal
balance temperature change of concrete products for the i-th period of time
taken simplification.

In reference literature (particularly in the source [29]) are the following
dependence to determine the amount of heat Q, J, which takes material from
the air over time:

Q=c m- (tu—tw) *Ps (3.7
where ¢ — specific mass heat capacity material, J/(kg-°C);

m — the mass of material, kg;

ta — the ambient temperature, °C;

tyi — the initial temperature of the material, °C;

B — the coefficient, which takes into account the proportion of heat
treats the material for the selected period of time (relative to the amount of
heat required to heating the material to ambient temperature); the coefficient
[ determined by the reference data by using Fourier criterion of equal

Fo=At /c:m-R, (3.8)

where At — period of time, s;

R — full resistance transfer to heat from the environment to the heat
transfer surface, °C/W.

The value R is calculated by the formula

R=m/(p: LA F) +1/(a*F), (3.9)
where p — density material, kg/mS;

A — the coefficient of thermal conductivity material, W/(m-°C);

a — coefficient of heat transfer from the environment to the heat transfer
surface, W/(m2'°C);

F — heat transfer surface area, m>.

For use the above formulas offered to apply simplification: the value cyy,
pur and Ay equal:

car = (mc ‘cc + mMp "Cp + MyE "Coi + My “Cuv) / My, (3.10)
Aar= (mc Ac + mg Ap + MuE ‘Age + Mg Aamv) / Marn (3.11)
pur = (Mc "pc + Mg *pr + MuE "PHE + Mum “PuM) / M, (3.12)
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where cy, puai, A — respectively average specific mass heat capacity,
average density and average coefficient of thermal conductivity materials
hydro-isolated system;

Cc, CF, CHIE, Cumm — Specific mass heat capacity under concrete material
forms, material equipment of hydro-isolated systems and hydro-insulation
material, J/(kg-°C);

Acs Ap, A, Aumv — coefficient of thermal conductivity under concrete,
material form, material equipment of hydro-isolated systems and hydro-
insulation material, W/(m-°C);

pc, Pr, PHIE, PuM — Tespectively density concrete, material forms, material
equipment of hydro-isolated systems and hydro-insulation material, kg/m’;

my — mass hydro-isolated system myy, kg, equal

mygr=mc + mg + mygrE + MM, (313)
where mc , mg, myE, Mg — mass respectively concrete mix (concrete),
forms, equipment hydro-isolated system, hydro-insulation material kg.

Given these simplifications

Fo =At/ CHI'mHI'R ) (314)
R= mHI/(pHI°>\4HI°FH12) + 1/ (aFnp) , (3.15)
where Fyy; — Surface area of hydro-isolated system, mz;

o — coefficient of heat transfer from the heated air to the heat transfer
surfaces camera, W/(m2'°C).

Then the amount of heat Qani, J, which perceives hydro-isolated system
of heated air for the i-th period of time, is equal to:

Qanr = curmur (tar — tas) B, (3.16)
where tar — average for the i-th period of time temperature in the
chamber, °C;

tuis — average temperature hydro-isolated system at the start the i-th
period of time, °C.

Average for the i-th period of time the air temperature in the chamber, °C,
calculated by the equation

Tar =0,5 -(tag + tar), (3.17)
where tag — average for the i-th period of time temperature of air entering
the camera, °C;

tar — average for the i-th period of time temperature, removed from the
camera, °C.

The amount of heat, J, is transmitted by the i-th period of time due to the
presence of the resulting radiation Qrw, Qro, Qrr, calculated by the general
formula given in particular in the sources [27 [28]:

=& Cy’ “ 100 100 ] l ‘Fi-At. (3.18)
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where c( — coefficient of radiation of a blackbody, W/(m?* -K*);

Ty, T, — temperature heat transfer surfaces, mz;

At — period of time, s;

€ — shows the degree of blackness, which is calculated by the formula

1
(3.19)

AN

where Fy, F, — heat transfer surface area, m°.

The loss of heat for heating the chamber walls Qcw, on the heating
overlapping chamber Qco and floor heating chamber Qg for the i-th period
of time calculated by the dependencies, presented in Chapter 5. The basis for
the use of these dependencies is thermal balances constructions enclosing
chamber.

Thermal balance walls chambers for the i-th period of time has the form

— provided that the temperature vertical surfaces hydro-isolated system is
higher than the temperature of the internal surfaces of the chamber walls:

Qawc + Qrw = Qcw + Qwe, (3.20)
— provided that the temperature of the internal surfaces of the chamber
walls higher than the temperature vertical surfaces hydro-isolated system:
Qawc = Qcw + Qwe + Qrw, (3.2D)
where Qawc — the amount of heat transferred from the heated air to the
walls of the chamber for the i-th period of time J;

Qcw — the loss of heat for heating the walls of the chamber for the i-th
period of time J;

Qwe — heat loss into the environment through walls camera for i-th period
of time, J, (provided these losses in the i-th period of time);

Qrw — the same value that in (3.6).

Thermal balance overlapping camera for the i-th period of time is:

- Provided that the temperature inverse up horizontal surface hydro-
isolated system is higher than the temperature of the inner surface
overlapping camera:

& =

Qao + Qro= Qco *+ Qo (3.22)
— provided that the temperature of the inner surface of the overlapping

chamber is higher than the temperature inverse up horizontal surface hydro-
isolated system:
Qao = Qco + Qor + Qro, (3.23)
where Qao — the amount of heat transferred from the heated air to
overlapping camera for i-th period of time, J;
Qco — the loss of heat for heating overlapping camera for i-th period of
time J;
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Qo — heat loss into the environment through the overlapping camera for
i-th period of time J;
Qro — the same value that in (3.6).
Thermal balance of the floors camera for the i-th period of time is:
- provided that the temperature inverse down horizontal surface hydro-
isolated system is higher than the temperature of the floor camera:
Qar+ Qrr = QrL + Qs, (3.24)
— provided that the surface temperature of the floor chamber is higher
than the temperature inverse down horizontal surface hydro-isolated system:
Qar = Qr. + Qs+ Qrpr, (3.25)
where Qar — the amount of heat is transmitted by the i-th period of time
from the heated air to the floor chamber, J;
QrL— the loss of heat for the i-th period of time for heating floor chamber,
J;
Qrp — the loss of heat for the i-th period of time for heating the soil, J
(provided these losses in the i-th period of time);
an explanation of Qgrp given the formula (3.6).
The heat loss Qwg into the environment through walls camera for i-th
period of time, J, is calculated using the formula
Qwe = awe*(two — tg) *Fwo"At, (3.26)
where awg — heat transfer coefficient of the external surfaces of the walls
of the chamber to the environment, W/(m2-°C);
two — the average for the selected period of time the outer surface
temperature of the chamber walls, °C;
Fwo — the area of the outer surface of the chamber walls, m>.
The heat loss Qo into the environment through the overlapping camera
for i-th period of time, J, is calculated using the formula
Qok = 0or*(too — tg) *Foo'At, (3.27)
where oo — coefficient of of heat transfer from the outer surface of the
overlapping camera to the environment, W/(m*-°C);
too — average for the selected period of time the outer surface temperature
of overlapping cameras, °C;
Foo — external surface area of overlapping cameras, m?.

3.2. Determination of the temperature change of concrete products and
changes in air temperature in heating chamber (variant 2)

The second variant waterproofing of concrete products (paving slabs) is
shown in Fig. 3.3.
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structures that enclosing the chamber
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Fig. 3.3. The second variant waterproofing of concrete products
Thermal balance chamber (variant 2) for the thermal treatment of
concrete products hot air for the i-th period of time has the form
Qck + Qexo = Qcr + Quis + Qui + Qcw + Qco + Qe+ Qwa + Qoa + Qs+
Qg, (3.28)
where Qcg, Qexo, Qcr,Qur ,Qcw ,Qco ,QrL, Qwa , Qoa , Qs,Qg, — the

same the value as in the thermal balance (3.1), the calculation takes into
account their design features of the camera (variant 2);

Qum — the loss of heat for heating hydro-insulated products for the i-th
period of time, J.

If the camera simultaneously carried out thermal treatment of concrete
paving slabs several standard sizes, the temperature of the components of the
upper, intermediate and lower block products will be different, which is taken
into account in the selection below heat balance.

Thermal balance upper hydro-insulated products for the i-th period of
time has the form
Qgu = cgu'mpy*(tue — teus) = Qasu + Qru £ Qrwu £ Qrou £ Qru,  (3.29)
where Qgu — the loss of heat for heating the upper block products for the
i-th period of time J;

cgyu — average specific mass heat capacity materials upper hydro-insulated
block products, J/(kg-°C);

mgy — mass components upper of hydro-insulated block products, kg;

tsus, tug — the average temperature of components of the upper block of
the products at the beginning and end of the i-th period of time, °C;
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Qasu — the amount of heat that perceives the upper block products from
heated air for the i-th period of time, J;

Qgu — heat-receipts during for the i-th period of time due to the presence
of exothermic reaction of hydration of cement in the upper block products, J;

Qrwu — the amount of heat J, transmitted for i-th period of time due to the
presence of resulting radiation from vertical surfaces of the upper block
products to the relevant internal surfaces of the walls of the chamber or in the
opposite direction;

Qrou— the amount of heat J, transmitted for i-th period of time due to the
presence of resulting radiation from the inverse up horizontal surface of the
upper block products to the inner surface of the overlapping chamber or in
the opposite direction;

Qru— the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from the inverse down horizontal surface
the upper block of products to the inverse up horizontal surface located below
block product or backwards.

The direction of these flows resulting radiation depends on the ratio
between the temperatures corresponding surfaces.

Fig. 3.4. schematically shows the components of the heat balance of the
camera (variant 2).
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Fig. 3.4. Schematic reflection components heat balances camera (variant 2)
The components of (3.29) are interconnected, so the definitions through
this heat balance temperature changes of concrete products for the i-th period
of time taken simplification.
The amount of heat Qagu, which perceives the upper hydro-isolated block

products from hot air for the i-th period of time J, is equal to

Qagu = cgumpu “(tn — tgus) “Pu,

(3.30)

where t;; — average for the i-th period of time temperature in the chamber,

OC;

tsus — the average temperature of the components upper block of products
at the beginning and the i-th period of time, °C;
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Bu — coefficient of, which takes into account the proportion of heat
perceives the upper block products for the i-th period of time (relative to the
amount of heat needed for the heating block to a temperature tag ).

Thermal balance intermediate hydro-isolated block products for the i-th
period of time has the form

Qp=cp'mp (tee—tzB) = QBa + Qexor £ Qrwi * Qrr £ Qrer, (3.31)
where Qg — the loss of heat for heating the intermediate block products
for the i-th period of time J;

cig — average specific mass heat capacity materials intermediate hydro-
isolated block products, J/(kg-°C);

mpp — mass components of intermediate hydro-isolated block products,
kg;

tiss, tiBE — average temperature components intermediate block products
at the beginning and end of the i-th period of time, °C;

Qmia — the amount of heat that perceives intermediate block products
from heated air for the i-th period of time, J;

Qexor — heat-receipts during for the i-th period of time due to the presence
of exothermic reaction of hydration of cement in intermediate block products,
J; this value is determined from experimental data;

Qrwi— the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from vertical surfaces of the intermediate
block of products to the respective wall surfaces camera (or backwards);

Qri— the amount of heat J, transmitted for the i-th period of time due to
the presence of the resulting radiation inverse up horizontal surface
intermediate block of products to the inverse down surface located above of
the block of products (or backwards);

Qrpr— the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from the inverse down horizontal surface
intermediate block of products to the inverse up horizontal surface located
below block of products (or backwards).

The direction of these flows resulting radiation depends on the ratio
between the temperatures corresponding surfaces.

The amount of heat Qga, which perceives an intermediate block of
products from hot air for the i-th period of time J, is equal to

Qpa = cip'mp (tar — tms) P, (3.32)
tair — average for the i-th period of time temperature in the chamber, °C;

Br — coefficient of, which takes into account the proportion of heat
perceives an intermediate block products for the i-th period of time (relative
to the amount of heat needed for the heating block to a temperature tar ).

Thermal balance lower hydro-insulated block of products for the i-th
period of time has the form
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QgL = cgL'mpr (teLe — tBLB) = QaBL + Qexor £ Qrwr + Qre * Qre, (3.33)
where Qg — the loss of heat for heating the lower block products for the
i-th period of time, J;

cpL — average specific mass heat capacity materials lower hydro-isolated
block of products, J/(kg:°C);

mg, — mass components lower of hydro-isolated block of products, kg;

tsLB, tLE — the average temperature of the components of the lower block
products at the beginning and end of the i-th period of time, °C;

QasL — the amount of heat that perceives lower block of products from
heated air for the i-th period of time, J;

QexoL — heat-receipts during the i-th period of time due to the presence of
exothermic reaction of hydration of cement in the bottom block of products,
J;

Qrw— the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from vertical surfaces of the lower block
of products to the respective wall surfaces of the camera (or backwards);

Qg — the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from the inverse up horizontal surface of
the lower block of products to the inverse down surface located above block
of products (or backwards);

Qg — the amount of heat J, transmitted for the i-th period of time due to
the presence of resulting radiation from the inverse down horizontal surface
to the lower block products to the surface floor (or backwards).

The direction of these flows resulting radiation depends on the ratio
between the temperatures corresponding surfaces.

The amount of heat Qapr, which perceives lower block products from hot
air for the i-th period of time J, is equal to

QasL = cgL'mpL (tar — terB) *Pr, (3.34)
talr — average for the i-th period of time temperature in the chamber, °C;

B — coefficient of, which takes into account the proportion of heat
perceives lower block of products for the i-th period of time (relative to the
amount of heat needed for the heating block of to a temperature tam ).

The amount of heat transmitted by the i-th period of time due to the
presence of the resulting radiation Qrwu, Qrou, Qoru, Qrwi, Qgrr Qrsr
Qrwr ,Qrr, Qrr calculated by the general formula (3.18).

The simplified heat balance chambers for thermal treatment of concrete
products (variant 2). If the mass of components of hydro-insulated blocs of
products are identical, the difference in temperatures between these blocks of
products is negligible. Then when determining the temperature change of
concrete products and air temperature in the chamber using the same
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dependence, and for the camera (variant 1). In calculating these relationships
should take into account the difference in the design of the camera.

3.3. Determination of the temperature change of concrete products
and changes in air temperature in heating chamber (variant 3)

Scheme third variant waterproofing of concrete products (paving slabs) is
shown in Fig. 3.5.
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Fig. 3.5. Scheme third variant waterproofing of concrete products

Thermal balance of this camera for thermal treatment of concrete
products hot air for the i-th period of time has the form

Qck + Qexo = Qcr + (Qs + Qrr1 + Qs1) + Qew + Qco +

+ Qwa + Qoa + Q2 + Qs2, (3.35)

where Qck , Qexo , Qcr, Qcw , Qco, Qwa , Qoa — the same the value as
in the thermal balance (3.1);

QrL1 — the loss of heat for the i-th period of time for heating the the floor
of the chamber, located within the hydro-isolated system, J;

Qs — the loss of heat for the i-th period of time for heating corresponding
the soil J. (provided these losses in the i-th period of time);

Qg2 — the loss of heat for the i-th period of time for heating the the floor
of the chamber, located outside of hydro-isolated system, J;

Qs2— the loss of heat for the i-th period of time for heating corresponding
the soil, J (provided these losses in the i-th period of time).

Thermal balance chamber (3.35) is made, provided that there are no air
vents in the chamber. If there are air vents in the chamber, the heat balance of
the camera has the form

103



THE SPECIAL ASPECTS ENERGY AND RESOURCE SAVING

Qce + Qexo = Qcr + (Qs + Qrr1 + Qs1) + Qew + Qco +
+ Qwa + Qoa + Qrr2 + Qs2+Qap, (3.36)
where Qap — heat loss for the i-th period of time and for heating the air
pipes camera, J.

Chapter 4. Determination of heat transfer coefficients
4.1. Determination of heat transfer coefficients in convection
movement of air in the collector solar energy and in chamber for
thermal treatment of concrete products

Calculation:

— heat transfer coefficient ac from the air, moving in solar energy
collector on the respective surfaces of heat transfer,

— heat transfer coefficient a from the air, heated in the collector solar
energy to heat transfer surfaces camera

in accordance with the methodology reflects the process convective heat
transfer in channels with forced air movement. At the presentation of this

methods used symbol @?which is used as primary sources.

The coefficient of heat transfer from the heated air to the surfaces of the
channel, W/(m?*-°C), calculated by the formulas given in particular in the
sources [27], [28].[29].

Regime of air traffic in the channel established to the value of the
Reynolds criterion, which is calculated by the formula

® deg
Re,, = , 4.1)
Vair

where ® — speed of air movement in the channel, m/s; d.q — the inner

diameter of the channel, m; v,; — kinematic viscosity coefficient of air, m?/s.

Dependence to calculate an equivalent diameter dex, m, has the form

4f
eq — o 4.2)
p

. 2 .
where f — cross sectional area of the channel, m~; p — perimeter cross
section of the channel, m.

In turbulent mode air movement heat transfer coefficient 0L W/(mz"’C),
calculated using the formula

o deg
Nug; = —, (4.3)
- T 7\'air
at o= Nuy, ——. (4.4)
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The Nusselt number in turbulent air movement in the channel can be
calculated using the formula provided in the sources [27], [28], [30],

Nuy, = 0,021 Re2PPriPe (4.5)
where index p shows that the physical properties of air are determined
with the average length of the channel air temperature ty, °C;

g — coefficient (amendment), taking into account the change in the
average heat transfer coefficient along the length of the channel.

In the chamber for thermal treatment of concrete products available
change direction of the flow. When calculating the heat transfer coefficient a
from the heated air to the surfaces of hydro-isolated system and from the
heated air to the inner surfaces of structures enclosing the chamber, you must
consider the following provisions contained in the source [28]:

— at the value of criterion of Reynolds Rel < Re < Rec/ﬁ for calculating
criterion of Nusselt Nu,;, can be apply the formula (4.5);

—atRe > Rec/r/ can be use the formula (4.5), but at use of coefficient € .
The critical value of criterion of Reynolds of determined by dependencies

Re/, = 2. (4.6)
dog /R
d 0,28
(&
Rell = 18500 < 21; ) : (4.7)

where R — the radius of curvature.
The coefficient ¢ is equal to

deq
=1+1,77 —. 4.8
€ R (4.8)

In laminar air movement in the channel heat transfer coefficients
calculated on dependencies given particular in the sources [27], [28], [30].

4.2. Determination of heat transfer coefficients external surfaces of
structures enclosing collector solar energy and chamber for thermal
treatment of concrete products

4.2.1. General provisions

The coefficient of heat transfer from the external surfaces of the walls of
the chamber to the environment, W/(m2 -°C), calculated by the formula
Owg = Ocw 1 ORrw; (4.9)
The coefficient of of heat transfer from the outer surface of the
overlapping camera to the environment, W/(m* -°C), calculated by the
formula
Oog = Oco + 0RO, (410)
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where acw — heat transfer coefficient convection of external wall surfaces
camera, W/(m2 -°C); arw — heat transfer coefficient radiation of external wall
surfaces camera, W/(m2 °C); aco — heat transfer coefficient convection the
outer surface of overlapping cameras, W/(m” -°C); oro — heat transfer
coefficient radiation the outer surface of overlapping cameras, W/(m? °C).

The coefficients of heat transfer radiation external surfaces of structures
enclosing chamber for thermal treatment of concrete products, W/(m? -°C),

calculated in accordance with the recommendations given in particular in the
sources [27 [28]:
— for the walls chamber:

ew" Co TWE TE )]4_
= 4.11
R =t “ 100 100 | @10
— for overlapping the camera:
€0 " Co TOE Tg )]
= 4.12
SN “ 100 100 ’ (4.12)

where Twg, Tog — the average for the selected perlod of time absolute
temperature external surfaces of the walls and overlapping chamber, K; Tg—
absolute temperature surfaces shop, K (adopted simplification: the
temperature inner surfaces of the room is equal to room air temperature); e,
€o — degree of blackness materials; ¢y — coefficient of radiation of a
blackbody, W/(m? -K*); (At= AT).

The coefficients of heat transfer from the external surfaces structures of
the light-transparent covering solar energy collector to the environment (o g,
orv) and heat transfer coefficients from the horizontal and vertical outer
surfaces of the layer of thermal insulation to the environment (o, OTrv)
account for only convective component of the heat transfer process
(explanation given in p. 2.2).

4.2.2. Determination of the average for height surface coefficient of
heat transfer in natural convection

According to one of the following methods can be calculated:

— heat transfer coefficient convection of external wall surfaces chamber
OKC;

— heat transfer coefficient convection of external surfaces vertical of
structures of light-transparent cover solar energy collector ary heat transfer
coefficient vertically located external surfaces layer of thermal insulation of
solar energy collector arry (in the absence of wind).
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At the presentation of the provisions described methods was used
designation heat transfer coefficients convection proposed in the primary
sources.

Determination of the average for height surface coefficient of heat
transfer in natural convection respectively with the recommendations of
sources [27], [28].

Average for height surface coefficient of heat transfer in natural

convection 0L . W/(rnz-"C), calculated using the formula
ah

Wair = »
Ao
air

(4.13)

T (4.14)

where h — the height of the heat transfer surface, m; Aair — coefficient of
thermal conductivity air, W/(m- °C);

Index p shows that the physical properties of air are determined when the
air temperature outside the boundary layer t,;;, °C.

For vertical surfaces in laminar mode movement of air in the boundary
layer (103 < GrgPry; < 109) according to the recommendations source [28],

at o= Nuair

Nusselt number Nu,;, calculated by the formula
Nu,;, =0,75 (Gry, Pr,i,)%%; 4.15)
where Gr — Grashof criterion; Pr — Prandtl number; in the book [27] this
formula has the form:
Nug, = 0,76 (Gry, Pryi) . (4.152)
in the book [27] proposed to adopt Pry;; = 0,7 and simplify the formulas
above:

Nu,;, = 0,695 Gr,;, ; (4.16)
For vertical surfaces in a turbulent mode movement of air in the boundary
layer according to the recommendations sources [28], Nusselt number N,
calculated by the formula
Nuy, = 0,15 (Gr, Pr)'?, (4.17)
which is used in Gry,Pr,, > 6- 10%° (developed turbulent motion of air in the
boundary layer); in the textbook [28] is noted that when 10° < GriPra, <
6-10" transitional regime is a movement environment in the boundary layer.
In the book [27] The above formula has the form
Nug;;, =0,15 (Gry, Pryi)®, (4.17a)
this formula in the book [27] is recommended to apply when GraPra, > 109;
in the book [27] proposed to adopt Pry = 0,7 and simplify the formulas

above:

Nuy;, =0,133 Gro>. (4.18)
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Gr.irPr.ir (Rayleigh criterion Ra,i,) calculated by the formula

gB air At h3
Grair Prair = TPrair, (419)
Vair
where At — temperature head, °C.
Determination of the average for height surface coefficient of heat transfer in

natural convection respectively with the recommendations of the handbook
[30]. Average for height surface heat transfer coefficient o, W/(mz"’C), in

laminar mode movement of air in the boundary layer (Gr,Pr, = 103...109)
calculated using the formula

oh
Nu, = — , (4.20)
Ay
_ Ao
ToAi o = Nu, T 4.21)
where  Nu, =0,8 (Gr,Pr,) "¢ ; (4.22)
gB, At h’
Gr,Pr, = TPra ; (4.23)

1V
s=[1+(1+ Pr)] : (4.24)

Aa — coefficient of thermal conductivity air, W/(m- °C); h — the height of
the heat transfer surface, m; g — acceleration of gravity, m/s%; Ba —
temperature coefficient of volume expansion of air, K_l; v, — kinematic
viscosity coefficient of air, rnz/s;

index p shows that the physical properties of air are determined during
the design temperature t,, °C, is equal to

ty, = 0,5 (tair + t5); (4.25)
At — temperature head, °C, is equal to
At =ty — tar, (4.26)

where t,;; — air temperature outside the thermal boundary layer, °C; t; —
the temperature of the heat transfer surface, °C.

The handbook [30] noted that the calculation of heat transfer in vertical
surfaces Gr,Pr, > 10° carried out separately for areas with laminar and
turbulent boundary layers.

Average for height surface heat transfer coefficient @, Br/(M*-°C), at
Gr,Pr, > 10° calculated by the equation

- —_ hCI‘ —_ hCI'
o= 0 o + o <1— T)’ 4.27)
the average heat transfer coefficient on the section of the laminar

boundary layer o, W/(m*-°C), calculated using the formula
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@ h
Nu, = o ler (4.28)
Ay
Ay
at & = Nu, -2, (4.29)
hCr

where criterion N_ual calculated by the formula (4.22);
the average heat transfer coefficient on the section with turbulent
boundary layer oy, Br/(m*-°C), calculated using the formula

o (h —h
u, = G ~he) - cr , (4.30)
t o =N a b (4.31)
at o, = Nu, ——, .
_ ‘hehg
where Nu, =0,15 (Gr,Pr,)"?; (4.32)

h — the height of the heat transfer surface, m; (h — h,) — the height
sections with turbulent boundary layer, m; h. — the height sections with
laminar boundary layer (the critical the height the heat transfer surface), m,
determined from the condition:
gP, Athg,

Vaaa

where a, — coefficient of thermal diffusivity air, m?/s.

Heat transfer coefficient convection the outer surface of vertical
constructions enclosing equipment for accelerated hardening of concrete
products, W/(m2 -°C), in accordance with the recommendations presented in
the book [31], calculated by dependence

0, =1,163:2,2-{t, —t,, (4.34)
where ty — the temperature of outer surface of the wall, °C; t, — air
temperature, °C.

The heat transfer coefficient vertical surface with natural convection,
W/(m2 -°C), in accordance with the recommendations presented in the book
[32] is calculated by dependence

0.= 1,66 3/t, —t, . (4.35)

4.2.3. Determination of the average heat transfer coefficient of
horizontal surface with natural convection

Gr,Pr, = = 10°, (4.33)

According to one of the following methods can be calculated:
— heat transfer coefficient convection the outer surface of overlapping
chamber ok;
— heat transfer coefficient convection the outer surface of of the
horizontal design light-transparent cover of solar energy collector ocr, heat
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transfer coefficient convection of horizontal external surfaces of thermal
insulation layer of solar energy collector arr (in the absence of wind);

— heat transfer coefficient near surface of the floor chamber within the
hydro-isolated system (variant 3).

At the presentation of the provisions of these methods were used
designation heat transfer coefficients convection proposed in primary
sources.

The handbook [30] recommended average heat transfer coefficient of
horizontal plate surface is inverted up, receive equal

Op = Oy, (4.36)
plate surface inverted down,
o, =0,5a , (4.37)
where o, — the average heat transfer coefficient of vertical plate,
W/(mz-"C), calculated by equation (4.21) provided (GrPr), < 10°, at the same
time defining the size is smaller side plates.

In the book [33] is recommended to calculate average heat transfer
coefficient of horizontal plate surface is inverted up (at t, = const), using
formulas:

—atRa, < 10°

Nu, =1,1 Ra,'”; (4.38)

—atRa, > 10°

Nu, =0,203R,'". (4.39)
In calculating the Rayleigh criterion of Ra, = Gr,Pr, and Nusselt criterion
of N_ua the determining size L, m, is equal to
L =F/P, (4.40)
where F — horizontal surface area, mz; P — perimeter horizontal surface,
m.

heat transfer coefficient convection the outer surface of of horizontal
constructions enclosing equipment for accelerated hardening of concrete
products, W/(m2 -°C), in accordance with the recommendations presented in
the book [31], calculated by dependence

o, =1,163- 1,8 3/t, —t,, (4.41)
where t,,— the temperature outer surface of designs, °C;

t, — air temperature, °C.

Coefficient of heat transfer horizontal surface in natural convection,
W/(m2 -°C), according to the recommendations given in the book [32] is
calculated by dependencies:

— when horizontal heated surface inverted up:

0.=2.26" 3ty —t,, (4.42)

— if a horizontal heated surface inverted down:
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o.=1,16"3/t, —t,, (4.43)
where t,, — The temperature outer surface of designs, °C.

4.2.4. Determination of heat transfer coefficients external surfaces of
of solar energy collector in the presence of the wind

According to one of the following methods can be calculated:

— heat transfer coefficient convection of external surfaces of vertical and
horizontal structures of light-transparent cover of solar energy collector (oLv,
arp) subject to the availability of wind;

— heat transfer coefficient vertical and horizontal outer surfaces of the
layer of thermal insulation collector of solar energy (arry, o) subject to the
availability of wind.

It is proposed to calculate these heat transfer coefficients depending on
the direction branch and design of the collector:

— by the method that characterizes forced longitudinal flow around the
flat surface air;

— by the method that characterizes forced transverse flow around pipe air
(because the collector has the shape of of a parallelepiped, in this case, you
must use the equivalent diameter d).

At the presentation of the provisions of these methods was used
designation heat transfer coefficients convection proposed in primary
sources.

Determination of the average heat transfer coefficient when forced to
flow around the longitudinal flat surface air. Average along the length of flat

surface heat transfer coefficient o, W/(rnz-"C), calculated using Nusselt
criterion of

Nu, =-—, (4.44)
"
at a=Nu, T (4.45)
where [ — the length of the flat surface, m; A, — coefficient of thermal
conductivity air, W/(m-°C); index p shows that the physical properties of air
are determined at a temperature the main flow t,.

In sources of the [27], [30] is recommended to take a critical criterion of
Reynolds Re, = 5-10° the boundary between laminar and turbulent motion
mode of the air in the boundary layer.

In laminar mode of motion air boundary layer Nusselt number calculated
by the formula given in the sources [27], [30],

Nu, = 0,66 Re>Pri?? (4.46)
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Reynolds number is equal to
OJOZ
Re, = — (4.47)
where [ — the length of the flat surface, m.
In the turbulent regime movement of air in the boundary layer Nusselt
number calculated by the formula given in the sources [27], [30],
Nu, =0,037 Re2¥pr2*+. (4.48)
In the book [27] proposed to use a simplified formula for calculating the
criterion of Nuy:
— at laminar movement of air in boundary layer

Nu, =0,57 Re??; (4.49)
— at turbulent movement of air in boundary layer
Nu, =0,032 Re2®. (4.50)

Determination of the average perimeter channel heat transfer coefficient
when forced to flow around the transverse channel air. According to the
recommendations of the textbook [28] on the perimeter tubes of the average

coefficient of heat transfer O, W/(rnz-"C), calculated using the formula

a dext
Nu, = —, (4.51)
Ay
_ Ay
at a=Nu, i (4.52)
ext
For the collector this dependence can be written as
A
o =Nu, , (4.53)
deg

where d. — equivalent diameter, m.
The Nusselt number calculated by the formulas:
a) mpu 5 < Re, < 10° Nu, =0,5 Re? P2, (4.54)
6) mpu 10° <Re, <2-10° Nu, =0,25ReXPrd¥;  (4.55)
B) mpu Re, =3-10°... 2:10°  Nu, =0,023 Re2*Pr2Y,  (4.56)
where A, — coefficient of thermal conductivity air, W/(m- °C);

Reynolds number is equal to

®g dext
Re, = , (4.57)
Va

Dependence of Nu, are valid when the angle y between the direction of
the flow and the axis of the tube (channel) is 90°. With decreasing angle
heat transfer intensity decreases.

Average on the perimeter tube heat transfer coefficient at y < 90°

%, W/(mz-"C), calculated by dependence
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Oy v (4.58)
where @ — average on the perimeter tube (channel) heat transfer

coefficient defined for angle v = 900, W/(mz- °0);
gy, — an amendment to the angle of attack y; according to the
recommendations source [28] — provided v = 30°...90°,
gy=1-054 cos? . (4.59)

=ue

Chapter 5. Determination of heating intensity constructions enclosing
chamber for thermal treatment of concrete products and thermal
insulation layer of solar energy collector

5.1. The definition changes over time temperature distribution in
structures that enclosing chamber for thermal treatment of concrete
products and thermal insulation layer of solar energy collector

During the period thermal treatment of concrete products is not only
heating these products, and - heating constructions enclosing camera and of
solar energy collector. Suppose that the temperature structures of camera and
collector insulation layer changes only in the direction normal to their
surfaces.

The mathematical characteristic non-stationary heat conduction process in
single layer design with one-dimensional temperature field consists of a
differential equation of heat conduction

or o't
P 5.
and the uniqueness of the conditions (geometrical, physical, initial and
boundary).

Adopted boundary conditions of the third kind: for wall and overlapping
Camera, for indoor surface of the floor chamber and to the outer surface of
the insulation of the collector solar energy. For the internal surface of the
insulation layer is assumed that the surface temperature is equal to the
temperature of the metal layer. The floor of chamber warms and heats the
soil. For chamber in question proposed simplification: soil taken as
conventional component of a floor.

Solve the differential equation (5.1) proposed FDTD method, which are,
in particular, in the book [34]. This source also recommendations on the
application of this method for a multilayer structure.

In FDTD equation (5.1) has the form
At A%t -
At AR (-2
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The construction (wall, floor or overlapping camera, layer the insulation
of the collector solar energy) conditionally divided into layers thick Ax, and
time — on intervals At.

Temperature and i-th plane design I +1 at the time (t+At) calculated by

dependence

At
ti, T+AT — ti,‘r + a- AXZ ) ( ti+l,‘17 + tifl,‘r - 2ti,r ), (53)
where T;_; ., §; ¢, T+ ; — temperature respectively (i—1)-th, i-th Ta (i+1)-
th planes design in moment in time 1, °C;
a — coefficient of thermal diffusivity material of construction, m?/c.

The coefficient of thermal diffusivity material, m?/c, calculated by the
formula

A
a=—, (5.4)
cp
where A — coefficient of thermal conductivity material, W/(m-°C);

¢ — specific mass heat capacity material, J/(kg:-°C); p — density material,
kg/mS.
If you select a time interval At and Ax so that the condition
2a At
=1, (5.5)

Ax?
then the temperature in the i-th plane design in moment in time (t+1) can

be determined by the equation

ti+l,‘17 + tifl T

ti,‘r+A‘r = 2 : (5.6)
The maximum period of time At for use equation (5.6) is equal to
Ax?
AT =—— (5.7)
2a

The temperature of the inner surfaces of the walls of chamber, the inner
surface of overlapping chamber and floor chamber at the time (t+Art)
calculated by the foral dependence

(Xl'ta + & t2,‘r
tl, T+HAT = Py > (5.8)
(3] + E
where t; -+a. — the temperature of the first plane design in moment in time
(tt+Ar), °C; t, — the air temperature in the chamber, °C; t; — temperature 2nd
plane design in moment in time t, °C; a; — heat transfer coefficient of internal
surfaces of structures chamber, W/(m? -°C).
In determining the heat transfer coefficient o, internal surfaces of
structures chamber should be considered:
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— the transfer of heat from the heated air to the inner surface of these
structures by forced convection;

— the presence of radiation heat transfer between these surfaces and
hydro-isolated system (hydro-isolated blocks of products).

The temperature of last ((n+1)-th) plane design (the outer surface of the
walls and overlapping of the camera and the outer surface of layer the
insulation of solar energy collector) at the time (1+At) calculated by the toral
dependence

A
O taT T A% tx
oo, cote = ax 2, (5.9)
(05} + E

where n — the number of layers that are conventionally divided design; tar
— ambient temperature, °C; t,, — temperature n-th plane design in moment in
time t, °C; o, — coefficient of of heat transfer from the outer surface of the

design for the environment, W/(m2 °C).

5.2. Determining the amount of heat expended on heating designs
that enclosing chamber for thermal treatment of concrete products and
thermal insulation layer of solar energy collector

The loss of heat for heating a single-layer structure (wall, floor or
overlapping camera, the insulation layer of the collector solar energy) for a
certain period of time calculated by the formula

1=n
Q :Z com- (tg — 1), (5.10)
i=1
where n — the number of layers that are conventionally divided structure
to determine the temperature distribution in it; ¢ — specific mass heat capacity
material structures, J/(kg -°C); m — mass i-th conventional layer design, kg
(mass conventional of layers of design similar); t; — initial temperature i-th
conventional layer design, °C; tg, — temperature i-th conventional layer
construction at the end of the selected period of time, °C.
Temperature i-th conventional layer construction at the end of the
selected period of time is calculated by the equation
te, = 0,5:(t + tivy) (5.11)
where t; — the temperature at the boundary climbing (i—1)-th and the i-th
conventional layers of construction at the end of the selected period of time,
°C; ti+1 — temperature on the boundary climbing i-th and (i+1)-th conventional
layers of construction at the end of the selected period of time, °C.
In determining the temperature distribution in the multilayer structure (a
wall, a overlapping or a floor chamber) for conventional layers each layer
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divided structure. The cost of heat for heating multilayer structures are
calculated taking into account the availability of conditional layers.

Chapter 6. Calculation of intensity temperature change of concrete
products and air in equipment
We consider the installation, which includes: collector of solar energy,
chamber for heat treatment of concrete paving slabs, air vents, fan (Fig. 6.1).
2

L
7
’ |

7
=

J

1 - collectors of solar energy; 2 - air vents; 3 - chamber for thermal
treatment hydro-insulated concrete products; 4 - fan
Fig. 6.1. Scheme heat supply chamber for heat treatment of concrete
paving slabs using heated in collector of solar energy air

Determination of change air temperature in the collector of solar energy.
Table. 6.1 shows the results of calculation of air temperature changes in the
collector of solar energy in the first 15 minutes of its use in conditions city of
Poltava in June (at different values of air consumption L, m’/h). Receipt of to
solar radiation of the collector surfaces defined according to [35]. Accepted:
wind speed near of the collector equal to zero; the average for the first period
of time the air temperature at the inlet to the collector ta; = 20°C. Determined
by iterations (successive approximation) average for the first period of time
the air temperature at the outlet of the collector tao.

The calculation was made under a simplified procedure. In the detailed
method of determining intensity changes in air temperature in the collector
solar energy necessary to make thermal balance sheets: light-transparent
cover; metal plate and of thermal insulation layer; of the collector solar
energy. In the simplified method the average for the i-th period of time
temperature light transparent coating is not determined by means of
appropriate thermal balance, and taken equal:

ta = 0,5(tar + tar), (6.1)
where tair — average for the i-th period of time air temperature in the
collector, °C; taT — ambient temperature, °C.

SAN

116



THE SPECIAL ASPECTS ENERGY AND RESOURCE SAVING

Table 6.1. The results of calculating air temperature change in the collector of
solar energy in the first 15 minutes

L, m’/h The length and width of | Tap, °C | Tao, °C | Tao— tas, °C
the metal plate, m

90 1x1 20 29,5 9,5

135 1x1 20 27,5 7,5

180 1x1 20 26,3 6,3

240 1x1 20 252 52

355 1x1 20 23,9 3.9

950 1x1 20 21,8 1,8
1440 1x1 20 21,2 1,2
1880 1x1 20 21,0 1,0

Table 6.2 shows the results of calculation temperature change concrete
paving slabs and air in the chamber for the first 15 minutes of work
equipment for different air flow L, m’/h. The total mass of concrete in the
chamber is equal to 279.5 kg. Accepted: initial temperature of the
components of hydro-isolated system trp (initial temperature of concrete
products tgy) is equal to 20°C; the average for the first period of time the
temperature of air entering the camera, is equal to ty = 25 °C. Determined by
iterations (successive approximation): the average for the first period of time
air temperature, remove from the chamber, tag; average temperature hydro-
isolated system (which includes concrete products) at the end of the first
period of time ty = tcg (tgx — concrete products temperature end of the first
period of time).

Table 6.2. The results of calculation temperature change concrete
paving slabs and air in the chamber for the first 15 minutes of work

equipment
L, m%/h TA, °C TAE, TA, °C TCBa °C TCE, °C TCE —
°C tep, °C
90 25 20,8 22,90 20 20,56 0,6
135 25 21,2 23,10 20 20,67 0,7
180 25 21,5 23,25 20 20,78 0,8
240 25 21,7 23,35 20 20,91 0,9
355 25 22,0 23,50 20 21,13 1,1
950 25 22,9 23,95 20 21,94 1,9
1440 25 23,2 24,10 20 22,35 2,4
1880 25 23,5 24,25 20 22,65 2,7
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Table 6.3 shows the results of calculation of air temperature change and
concrete paving slabs to install for the first 15 minutes of work. It is
simplification: the change of temperature in the heat-insulated air vents and a
fan neglected.

Table 6.3. The results of calculating changes in air temperature and
concrete paving slabs for the first 15 minutes of work equipment

L, i = tmu = tnB — ty, °C tcBs teg, °C tce —
m3/h = ta, °C = tnk, °C —{H, °C °C —tcs, °C

90 31,0 22,2 8,8 26,6 20 20,89 0,9
950 24,9 23,0 1,9 23,95 20 21,94 1,9
1880 24,0 22,9 1,1 23,45 20 22,21 2,2

By using heat balances of the collector solar energy and chambers for
thermal treatment of concrete products can determine the impact of certain
design solutions chamber on the intensity of heating concrete products.

Conclusions

Developed thermal balance flat of solar energy of the collector designed
for the heating air. The heated air is used for heat treatment of concrete
products.

Developed thermal balance chambers for thermal treatment of concrete
products heated air.

Analysis of heat transfer processes occurring in the collector of solar
energy and in the chambers for thermal treatment for concrete products,
allows you to:

— adopt optimal constructive solutions of this equipment and determine
the optimum amount of air circulating in it;

— to perform approximate forecasting intensity temperature change of
concrete products in the equipment.

In calculation model of solar energy of the collector horizontal coverage
and sides of of the collector is made of transparent material. In the future, we
must analyze the processes of heat transfer in a flat the collector provided the
sides of of the collector have a different design solution.

In the study of heat transfer features of in chambers for thermal treatment
of concrete products hot air taken that in the hydro-isolated system thickness
of the air layer the minimum, so you can ignore: the presence of mass
transfer processes between open product surface and air layers; the influence
of the air layer on the processes of heat transfer in hydro-isolated system. In
further studies should analyze the impact of the presence of the air layer in
hydro-isolated system in these processes.
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In a further need to make the thermal balance of the equipment, which

includes: collector of solar energy, air vents (Electroheaters) camera for
thermal treatment of concrete products, air vents, fan. The purpose of drafting
this heat balance - definition of thermal power air vents to provide required
temperature regime solidification of concrete products.
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